Objective: To adapt and evaluate a nutrient-based diet quality index (PANDiet) for UK young children and to determine the nutritional adequacy of their diets according to consumption of young child formula (YCF) and commercial infant foods (CIF). Design: Content and construct validity of the PANDiet were assessed by studying associations between the PANDiet and its components, energy intake, food intakes, and child and maternal characteristics. Four groups of children were defined according to their intake of YCF and CIF: (i) no consumption; (ii) consumption of YCF; (iii) consumption of CIF; and (iv) consumption of YCF and CIF. Child and maternal characteristics, PANDiet scores and food intakes of these four groups were compared.
It is well recognized that the first 2 years of life are particularly important for health in later life and that adequate nutrition is essential to optimize health, physical and mental development, and reduce the risk of chronic disease (1) . More specifically, between 6 and 24 months of age, children are switching from an exclusive milk diet to more adult-like meal and snack patterns which involve an increased variety of foods and nutrient compositions (2) . Children are also acquiring many self-feeding skills and experiences with food which further define their dietary patterns (3) . The UK Department of Health and the British Nutrition Foundation recommend that children aged 6-24 months get all the nutrients they need through acquiring the habit of eating a healthy and varied diet based mainly on foods that are usually consumed in the family (4, 5) . The potential contribution that young child formula (YCF; like growing-up milk and follow-on milk) and commercial infant foods (CIF; like meat-, fish-or cerealbased ready-to-eat dishes) make to a healthy diet among children aged 12 months and over remains unclear. According to the European Food Safety Authority and the UK Department of Health, YCF is one of several means to prevent the risk of inadequate status of n-3 PUFA, Fe and vitamin D in children older than 12 months, on the same level as fortified cow's milk, fortified cereals and cerealbased foods or supplements (4, 6) . While the European Food Safety Authority specifies that currently marketed YCF contains more n-3 PUFA, Fe and vitamin D than cow's milk (6) , the UK consumer association Which? reported that YCF contains less Ca and more sugar than cow's milk and is also more expensive (7) . The consumption of CIF and the contribution that CIF makes to the diet of young children are not well understood. The UK Department of Health suggests that while CIF seems to be useful on an occasional basis, it should not be consumed too frequently due to the high levels of salt and sugar (4) . A recent analysis of the UK market highlighted that CIF are predominantly sweet foods that provide little added value in terms of nutrient density (8) . In addition, literature concerning the contribution of YCF and CIF to the diet of young children is scarce and inconsistent (8) (9) (10) (11) (12) (13) . Diet quality indices are useful tools to provide an overall measure of the quality of the diet based on current nutrition knowledge (14) . Most existing indices for infants and young children are based on foods, food groups, dietary guidelines or food variety (15) . The uncertainty surrounding the contribution that YCF and CIF make to a healthy diet is also present in such indices, reflecting the difficulty in balancing the potential contribution from the different nutrients in these foods. For example, the Finnish Children Healthy Eating Index (FCHEI), developed for children aged 1-6 years, included CIF as a fair contributor to the intakes of vegetables, fruit, fish and fish dishes like any other contributors, such as home-made dishes (16) , whereas in the Complementary Feeding Utility Index (CFUI) developed for UK children aged 6 months, CIF were included as a food group for which the consumption should be moderated (17) . The PANDiet, a nutrient-based diet quality index, has been developed and previously validated in adult populations (18) . Since the PANDiet measures diet quality in terms of global nutrient adequacy rather than food intakes, it can be used to objectively measure diet quality and help to elucidate the ambiguity regarding the contribution that different food groups make to the nutrient adequacy of the diet.
The objectives of the present study were to: (i) adapt the PANDiet for UK young children aged 12-18 months; (ii) evaluate its content and construct validity; and (iii) determine the nutritional adequacy of the diet in groups of children according to their consumption of YCF and CIF.
Materials and methods

Participants and data
Data used in the current analysis came from the UK Diet and Nutrition Survey of Infants and Young Children (DNSIYC, 2011). The design, methodology and results of the DNSIYC have been described in full elsewhere (19) . Briefly, the DNSIYC was a descriptive cross-sectional national survey undertaken on a randomly selected sample of 2683 infants and young children aged 4-18 months living in private households in the UK. Parents were asked to keep a record of everything the infant or young child ate or drank over four consecutive days using a food diary. Portion sizes were recorded in household measures or using the weight indicated on packaged foods. Breast milk intake was calculated in grams based on the duration of each feed, at 10 g/min with a maximum of 100 g per feed for young children aged 8-18 months (19) . Nutritional values for energy and nutrients came from the Department of Health's Nutrient Databank (20) . Mean individual intakes of foods and nutrients were calculated using the weighting scheme proposed by DNSIYC. Mean individual intakes of nutrients are from food sources only and do not include nutrient intakes from dietary supplements. The foods and drinks were classified into forty-five categories (19) that have primarily been used as such for the current analysis.
In the current analysis, only the children aged 12-18 months were selected (n 1275). We first excluded those with missing information for analysed variables (n 99) and then removed those with extreme values in the energy intake distribution (respectively lower and higher than the 1st and 99th percentiles, n 24) (21) . This resulted in a final number of 1152 children (90 % of the children aged 12-18 months) available for analysis.
PANDiet for UK children aged 12-18 months
The PANDiet aims to measure the overall diet quality of an individual through the probability of having an adequate nutrient intake. The construction and design of the PANDiet have been described in detail elsewhere (18) . Briefly, the PANDiet, which is made up of the Adequacy sub-score and the Moderation sub-score, relies on the calculation of the probability of adequacy for each available nutrient, ranging from 0 to 1, where 1 represents a 100 % probability that the intake is adequate according to a reference value. The calculation of the probability takes into account the number of days of dietary data, the mean intake and the day-to-day variability in intake, the nutrient reference value and inter-individual variability. The adequate intake of a nutrient was assumed to be the level likely to satisfy the nutrient requirements and unlikely to be excessive. Consequently, the Adequacy sub-score computed the probability of adequacy for nutrients for which the usual intake should be above a reference value (the higher the sub-score, the better the intake satisfies the nutrient requirements), and the Moderation sub-score computed the probability of adequacy for nutrients for which the usual intake should not exceed a reference value (the higher the sub-score, the less likely the intake is excessive). All the probabilities of adequacy within each sub-score were equally weighted. The PANDiet score is taken as the mean of the Adequacy and Moderation sub-scores and ranges from 0 to 100; the higher the score, the better the nutrient adequacy of the diet.
Based on the PANDiet that was developed originally, the current nutritional recommendations and the nutrients available in the Department of Health's Nutrient Databank, we selected twenty-five nutrients for inclusion in the PANDiet for UK children aged 12-18 months: protein, total carbohydrates, non-milk extrinsic sugars (NMES; which includes all sugars known as added sugarsmonosaccharides and disaccharides added to foods by the manufacturer, cook or consumer, and sugars naturally present in honey and syrups -and all sugars in fruit juices, plus 50 % of the sugars in canned, stewed, dried or preserved fruits (22) ), total fat, SFA, PUFA, thiamin, riboflavin, niacin, folate, vitamins A, B 6 , B 12 , C and D, and minerals Ca, Mg, Zn, P, K, Fe, Cu, Se, iodine and Na. For protein and micronutrients, we used the reference value and interindividual variability as described in the UK nutritional recommendations for children aged 12-36 months (23) . For other macronutrients, no UK nutritional recommendations for children aged less than 5 years have been developed. We therefore used the reference value as described in the European Food Safety Authority recommendations for children aged 12-36 months for total carbohydrates, total fat and PUFA (6) . In order to be as complete as possible, and because the Nordic recommendations for children aged 12-23 months and for adults and children from 2 years of age do not differ for added sugars and SFA (24) , we used the reference value and inter-individual variability as described in the UK nutritional recommendations for children aged more than 5 years for NMES and SFA. The set of reference values and inter-individual variability used for the PANDiet for UK children aged 12-18 months are shown in the online supplementary material, Supplemental Table 1 .
Evaluation of the content and construct validity of the PANDiet The strategy to evaluate the content and construct validity of the PANDiet has been described previously in the French and US adult populations (18) . In order to evaluate the content and construct validity of the PANDiet in this new population, we adopted the same strategy as used previously, but using variables linked to diet quality in UK young children. Recent reviews indicated that diet quality indices are significantly associated with various sociodemographic variables, including age, sex, race/ethnicity, income, parental education, socio-economic status, place of living and marital status of parents (15, 25, 26) . More specifically, Robinson et al. found that UK young children aged 6 and 12 months with healthier dietary patterns were more likely to be born first and their mothers were more likely to have a lower BMI, be better educated, be older and be a non-smoker (27) . Consistently, Golley et al. found that the mothers of UK young children aged 6 months with better diet quality -as measured by the CFUI score -were more likely to have a lower BMI, be better educated, be older, be a non-smoker, be married and belong to a higher social class (17) . Accordingly, the adapted strategy to evaluate the content and construct validity consisted of: (i) investigating the correlations between the PANDiet score and its components; (ii) testing the absence of correlation between the PANDiet score and energy intake in order to verify that a higher score from the PANDiet was not automatically attributed to a higher-energy diet; (iii) evaluating the associations between the PANDiet score and food intakes; and (iv) evaluating the associations between the PANDiet score and child and maternal characteristics available in the DYNSIC data set. Child characteristics used included age, sex, being the first born ('yes' or 'no'), having siblings ('no', 'one' or 'two or more') and ethnicity (as defined in the DYNSIC survey, i.e. 'White', 'South Asian' or 'Other', where the group 'Other' represents children belonging to Black ethnic groups and children with parents belonging to mixed ethnic groups). Maternal characteristics used included age, BMI (kg/m 2 ), being single ('yes' or 'no', defined as not living as a couple and never having been married), smoking status ('never and ex-smoker' or 'current smoker'), educational level ('degree level or above', 'qualification below degree level' or 'no qualifications') and social class ('managerial and professional', 'intermediate', 'routine and manual' or 'not classifiable').
Classification according to intakes of young child formula and commercial infant foods
The 1152 young children aged 12-18 months were classified into four groups according to their consumption of YCF and CIF, where consumption was defined as an intake higher than 0 g. Accordingly, the groups YCF 
Statistical analyses
All analyses were performed using the statistical software package SAS version 9·3. Continuous variables are presented as means and their standard errors, and categorical variables are presented as percentages. Descriptive statistics of the PANDiet components, sub-scores, energy intake and food intakes were assessed across quartiles of PANDiet scores. Spearman correlation coefficients were used to examine the correlations between the total PANDiet score and the PANDiet components, sub-scores, energy intake and food intakes. The associations between the lowest PANDiet quartile (outcome variable) and child and maternal characteristics (predictor variables) were explored using logistic regression. All the child and maternal characteristics were included in the model simultaneously and the backwards elimination method was used to identify the independent predictor variables of the associations. The results are reported as adjusted odds ratios and 95 % confidence intervals. Descriptive statistics of the child and maternal characteristics, PANDiet components, sub-scores, scores, energy intake and food intakes were assessed across the four groups defined according to their consumption of YCF and CIF. The χ 2 and Wilcoxon rank-sum tests were used to compare child and maternal characteristics across the four groups. When χ 2 identified a significant effect, cell χ 2 values were used to understand the relative contribution to the overall χ 2 . When Wilcoxon rank-sum identified a significant effect, a Dwass, Steel and Critchlow-Fligner (DSCF) multiple comparison analysis was used. ANCOVA was used compare the mean PANDiet components, sub-scores, scores, energy intake and food intakes across the four groups, adjusted for age and energy intake. Box-Cox transformation was used when residuals were not normally distributed. When ANCOVA identified a significant effect, pair-wise post hoc tests were used. The level of significance used was P < 0·05 unless specified otherwise. Bonferroni correction was used for the adjustment of the PANDiet components, sub-scores, scores, energy, nutrient and food analysis.
Results
Evaluation of the content and construct validity of the PANDiet
Child and maternal characteristics of the studied sample are displayed in Table 1 . The mean PANDiet score was 70·2 (SE 0·2) and the PANDiet scores ranged from 48·6 to 92·7 with an approximately normal distribution (skewness = 0·02 and kurtosis = 0·18). The mean Adequacy sub-score was almost twice the mean Moderation sub-score (86·5 (SE 0·2) v. 54·0 (SE 0·3)), indicating that recommendations linked to avoiding excessive nutrient intakes were less well respected in this population. Notably, the mean probabilities for avoiding excessive Na and SFA intakes were very low: 0·13 (SE 0·01) and 0·12 (SE 0·01), respectively. Descriptive statistics of the PANDiet components, sub-scores and energy intake across quartiles of PANDiet scores are displayed in the online supplementary material, Supplemental Table 2 . The Spearman correlations between the PANDiet score and PANDiet components were as expected compared with the previous version of the PANDiet, and the Spearman correlation between the PANDiet score and energy intake was very weak (ρ = 0·063, P = 0·032). Figure 1 presents the results for the PANDiet score according to twelve food groups identified as having the highest inverse and positive Spearman correlations with the PANDiet score. The lower the PANDiet score, the higher the intakes of whole milk, sugar, preserves and confectionery, burgers, kebabs, sausages, meat pies and pastries, biscuits and soft drinks (low-calorie and not lowcalorie) and the lower the intakes of vegetables, fruits, YCF and CIF (snacks -sweet and savoury, meat-and fish-based products and dishes, cereal-based foods and dishes).
In the multivariate logistic regression analysis, the determinants of belonging to the lowest PANDiet quartile (the group with the lowest diet quality) were being older, having one or more siblings, having a younger mother and having a mother with a lower educational level (Table 2) . We also found a lower percentage of South Asian children in the lowest PANDiet quartile compared with the other quartiles.
Nutrient adequacy according to intakes of young child formula and commercial infant foods Twenty-seven per cent of the young children were classified in the YCF The intakes of vegetables, fruit, fish and water were not significantly different between the four groups.
Discussion
In the present study we adapted the PANDiet for UK young children aged 12-18 months and applied a fourstage strategy to evaluate the content and construct validity, which provided strong evidence suggesting that the PANDiet is a useful tool to assess diet quality in this population. Using this index, we evaluated the nutritional adequacy of the diet in groups of young children according to their YCF and CIF consumption. We found that the PANDiet scores were significantly higher in the groups consuming YCF or consuming YCF and CIF, mainly supported by a better probability of adequacy for SFA, PUFA, vitamin D, Zn, Fe and Cu. We found differences in terms of dietary pattern across the four groups, but vegetable, fruit, fish and water intakes did not differ significantly.
Nutritional adequacy of UK young children
Our results are coherent with those of the DNSIYC study which showed that the mean daily intakes of key vitamins and minerals were above or close to the recommended nutrient intake (RNI) and the mean daily Na intake was 181 % of the RNI (19) . In our study, we indeed found that the average Adequacy sub-score was high (86·5 (SE 0·2)) and the Na intake was excessive as demonstrated by a very low probability of adequacy for Na (0·13 (SE 0·01)). Results of the DNSIYC study also showed that mean daily intakes of Fe and vitamin D were respectively moderately or far below the RNI. In our study, we found that the probability of adequacy for Fe was low for children in the first quartile (0·33 (SE 0·02)) of the PANDiet and the 0·99 0·00 1·00 0·00 1·00 0·00 1·00 0·00 0·017 Vitamin C 0·87 Mean values within a row with unlike superscript letters were significantly different as tested by pair-wise post hoc comparisons, when ANCOVA identified a significant effect with Bonferroni correction (P ≤ 0·002). *Adjusted for age and energy intake. All the PANDiet components are expressed in absolute values ranging from 0 to 1, where 1 represents a 100 % probability that the intake is adequate according to a reference value. PANDiet score and the sub-scores are expressed in absolute values ranging from 0 to 100; the higher the score and sub-scores, the better the nutrient adequacy of the diet.
probability of adequacy for vitamin D was low for all children, except for those in the fourth quartile of the PANDiet (0·65 (SE 0·02)). Although our results are globally coherent with those from the DNSIYC study, a direct comparison of nutrient intakes should be made with caution given the expression of intakes is different (percentage of the RNI in DNSIYC and probability of adequacy in the PANDiet).
Content and construct validity of the PANDiet
We have confirmed that the PANDiet assesses nutrient adequacy independently of energy intake and that the children with the highest PANDiet score had a higher probability of adequacy for most of the nutrients. We also found that children with a higher PANDiet score were more likely to have food intakes in line with the dietary Mean values within a row with unlike superscript letters were significantly different as tested by pair-wise post hoc comparisons, when ANCOVA identified a significant effect with Bonferroni correction (P ≤ 0·001). *Adjusted for age and energy intake. †In the total sample, the intakes of YCF consisted of 46 % growing-up milk and 39 % follow-on milk. ‡In the total sample, the intakes of commercial infant beverages consisted mainly of fortified fruit juices.
guidelines promoted by the UK health authorities by consuming less sweet foods and soft drinks, and more fruits and vegetables (4, 5) . Finally, the associations we found between the PANDiet score and child and maternal characteristics were consistent with the literature. We found that children's diet quality was associated with having siblings (28) and with having an older mother with a higher educational level (17, 27) . The specific association we found with South Asian children (lower percentage in the lowest quartile of PANDiet) was not reported in the literature but could be explained by the lower intakes of Na and NMES of these children (19) . Our study provided strong evidence suggesting that the PANDiet is a valid tool to assess diet quality in young children. Due to the lack of a gold standard for estimating diet quality, it is not possible to validate a diet quality index using the classical criterion validation. Thus evaluating the content and construct validity is the most widely recognized approach to determine whether an index is valid. Because the PANDiet is a nutrient-based diet quality index, it could be easily applied to other countries or populations where relevant nutritional recommendations are available. We strongly recommend that the content and construct validity of any new versions of the PANDiet be evaluated.
Diet quality and the consumption of young child formula and commercial infant foods According to the literature, the contribution of YCF in the diet of young children tends to be positive in terms of nutrient adequacy but negative in terms of dietary diversity. In French young children aged 12-24 months, the daily intake of YCF as a substitute for cow's milk reduced the risk of inadequacies of Fe, α-linolenic acid, vitamin C and vitamin D (9) , and in Irish young children aged 12-24 months, it reduced the risk of inadequacies of Fe and vitamin D (10) . Using a diet quality index measuring the total nutrient adequacy of the diet, it was found that German young children aged 10-36 months consuming YCF had a higher score than those who did not consume YCF (29) . In contrast, in Australian young children aged 12-16 months, a greater intake of YCF was associated with lower dietary diversity (11) . In our study, the consumption of YCF was significantly associated with better nutritional adequacy of the diet but was not associated with a less diverse diet.
The literature concerning the contribution of CIF to the diet of young children is scarce and inconsistent. In terms of nutritional content, it was found that the UK CIF market mainly supplied products that are no more energy dense than YCF and much less nutrient dense than home-made foods (8) . In addition, US CIF (dinners, snacks, desserts and juice drinks) were of potential concern due to high Na or added sugar content (30) . In contrast, it was found that Spanish CIF have a higher energy density, a better ratio between the macronutrients and a similar salt content compared with UK home-prepared baby meals (12) . In terms of dietary pattern, it was found that vegetable variety was higher among children who consumed CIF compared with children who did not consume CIF in low-income US young children aged 6-12 months (13) . Moreover, children given CIF had a significantly higher vegetable variety than to those given home-made meals in German young children aged 12 months (31) . In contrast, higher consumption of CIF was associated with lower vegetable intake in German young children aged 6-9 months but this association was no longer significant in pre-school and school-aged children (32) . Robinson et al. found two dietary patterns in UK young children aged 12 months, one characterized by a high consumption of fruit, vegetables and home-prepared foods and the other characterized by a high consumption of bread, savoury snacks, biscuits and chips, and both patterns characterized by a low frequency of consumption of CIF (27) . In our study, we found that the consumption of CIF was significantly associated with slightly better nutritional adequacy of the diet and was not associated with a lower probability of adequacy for NMES and Na. In addition, the consumption of CIF was not associated with a less diverse diet. While PUFA intake was slightly but significantly lower in children consuming CIF, this is most probably related to the fact that CIF containing fish are still rare on the market. A wider range of CIF based on fish and combined fish/vegetable/potato options, along with more information about the advantages of fish consumption, might help to increase fish consumption and PUFA intake in toddlerhood and beyond. A recent scientific statement from the American Society for Nutrition concluded that for the US population (including young children aged more than 2 years), processed foods have intrinsic qualities (e.g. convenient, enjoyable, affordable) and contribute to both food and nutrition security. This statement also highlighted that diets are more likely to be healthy and balanced if nutrient-dense foods, either processed or not, are consumed (33) . Similarly, our results indicate that CIF could be used as part of a healthy balanced diet including a large variety of home-made baby foods. However, research regarding the variety in taste, flavour and texture, as well as the variety in the specific products is needed. Given the large variety of CIF available on the market, parents are advised to look carefully at the labels to ensure they select the healthier options (4) .
Strengths and limitations
A major strength of our analysis is the use of the PANDiet which measures diet quality in terms of global nutrient adequacy rather than food intakes. As a result, we were able to objectively measure diet quality and to elucidate the contribution that YCF and CIF make to the nutrient adequacy of the diet. Any additional points to the PANDiet and its sub-scores are interpreted as preferable in terms of the nutrient adequacy of the diet. The application of the PANDiet to longitudinal data is needed to provide a more accurate interpretation of the effects of additional points on health. Another major strength of our study is the high-quality, nationally representative data and large sample that we used for the analyses. Nevertheless, some important limitations should be considered when interpreting our findings. First, our results are based on an assessment of food consumption over four days, leading to a potential under-or overestimation of infrequently consumed foods. Also, food intake reporting was the full responsibility of the parent or caregiver, and it is not known to what extent there is risk for misreporting (19) . In order to minimize such risk, we excluded children identified as having extreme energy intakes.
Second, the nutrient intakes, and thus the nutritional adequacy, may have been over-or underestimated due to methodological issues. For example, food diaries are known to underestimate Na intake (34) . We anticipate this to be less of a problem in food prepared for young children, nevertheless it still requires consideration. Another issue is linked to differential variations in the nutrient content of home-made dishes and manufactured foods. CIF nutrient content might be more stable compared with home-prepared meals (12) , but results could quickly become outdated due to continuous introduction of new CIF and changes in formulation and production.
Another limitation is that our results are based on a selection of dietary recommendations. Because no UK nutritional recommendations for children aged less than 5 years were available for total fat, SFA, PUFA, total carbohydrates and NMES, we chose to use European Food Safety Authority recommendations for total fat, PUFA and total carbohydrates and the UK recommendations for children aged 5 years and over for NMES and SFA. In addition, the current UK nutritional recommendations do not integrate the recent growth standards which led to a consequent reduction in energy estimated average requirement (35) . We acknowledge that the construction of the PANDiet using different sets of recommendations is not ideal. However, we believe the recommendations we selected provide, as far as possible, a pertinent overview of the requirements for this population group.
Finally, defining consumers of CIF and YCF as those with an intake higher than 0 g prevented us from understanding the effect of the level of consumption of YCF and/or CIF on the nutritional adequacy of the diet. Nevertheless, such approach would increase the number of groups for the analysis, consequently decrease the number of participants per group and result in lack of power for statistical testing. Because the distribution of CIF intake was similar in the YCF 
Conclusion
In conclusion, the PANDiet is a valid indicator of the nutrient adequacy of the diet of UK young children. In this population, the specific consumption of CIF is not associated with lower nutritional adequacy of the diet, whereas the consumption of YCF is associated with a significantly higher probability of adequacy for several nutrients. In addition, the consumption of YCF and CIF is not associated with a difference in the consumption of fruits and vegetables. Our results indicate that young children who consume both YCF and CIF have an increased likelihood of meeting their nutrient recommendations. Further studies in this and other populations are needed to better understand different levels of consumption of YCF and CIF and the contribution they make to a healthy diet. Additionally, the consequences of the consumption of these products on the dietary and health patterns of children are areas requiring further investigation.
